
HEPATIC CIRCULATION AND HEPATIC FUNCTION DURING 
ANAESTHESIA AND SURGERY" 

Tim rmPATIC nA~,~CE whxch may ~11o~ 
s~dered to be a dtrect torac effect of the a 
~s a poss~b~hty that this injury, usually 
tmgmshable from damage due to infect 
systemm or local c~rculatory ongm The 
the occurrence of hver necrosis xs Well 
resptratory msufllcmncy, ~t asphyraa,~ lov 

anaesthesm and surgery is often con- 
aaesthetm agent used ~-5 ,However, there 
centaolobular necrosis, mad often mdas- 
ton, ~-s is produced by lttver hypoxm of 
effect of prolonged systc~mm hypoxaa m 
known during shock, 9 cardmc failure, ~~ 
r atmospheric pressttre,~ and thyrotoxa- 

cosls 14 Whether sholt permds of systemllc hypoxm, such as might occur during 
surgery, can also damage the hver as unl~nown at the present t~m The hepahe 
czrculatory changes associated with surgery and thetr role m the development of 
this lesmn are also unknown 

The sequence-of events leading to tl~t / -  
b y  carbon tetrachlonde, chloroform, and 
of much dlscussmn From bmchemmal d~ 
elude that the first event m CC14 polson~ 
culatmn producing Jschaemlc anoxm an, 
co-workers suggest that the hepatm cm 
drugs, adrenalectomy, or spinal cord sect1 
concentratmn offers s~mflar protection ~9 
beheve that the primary actmn of the he 
cellular lesmn and only secondardy a cn 
absence of circulatory changes, the mRml 
protectmn would be prowded by alterai 

e productmn of centrolbbular necrosis 
other anaesthetm agents is the subject 

,ta, Calvert, Moore, and Brody TM ~6 con- 
ng 1,~ interference with ihe hepahc clr- 
/l necrosis Experiments of Brody and 
;ulatmn is protected by sympatholytm 
~n 17 18 It is postulated that hagh oxygen 
~o Brauer and co-workers, 2~ ~ however, 
patotoxm agents is the produchon of a 
culatory nnpan'rnent Therefore, m the 
injury would not develop into necrosis, 
aon of the course of the lesmn rather 

than by prevention of the mltml damage 
If drugs alone are being considered, the s~tte and type of the mlury may be 

related to the method of admxmstratmnl The m]ectmn of carbon tetraehlonde 
through the portal veto produces d~usl 
d~ffers from the centrolobular necrosl~ pr( 
this difference as a basis, G1ynn and 'Hxm 
impairment theory 24 Carbon tetrachlon~ 
through the systemic ctrculatmn, affect t 
theoretxcally the least exposed to the dru, 
the hepatm tassue 

haemorrhagm hver necrosis ~ wluch 
duced when the drug lslmhaled Using 
swoith strongly support ,the c~reulatory 
e and chloroform, when adm~mstered 
he central part of the hepatm lobu][es, 
g and also the least oxygenated part of 

It seems clear from the available mfol'rnatlon that regardless Of any hepato- 
tome effect, the hepatic damage that m~lght follow the admmlst~ ataon of some 
anaesthetm agents as darectly related to hepa|m hypoxla Whethek this injury ts 

/ 

Neurosur re M *From the Department of Neurology and g ry, cGffi Umvers~ty land the Montreal 
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medmted through their systemic or local hepata~ cm'ulatory effects as unknown. 
The subject of tlns study as, first, to determine ~lterdtaons m the hver clreul~flon 

under various surgical c0nchtlons, second, to st~and~rdlzo a hepatic lesmn and 
observe Its inherent c~rculatory changes, and thxrd, l to determine the effecf of 
these circulatory changes on the hepatic lesaor~ (~he last two parts .... II, The 
Effect of Various Anaesthetac Agents, and III, Chlorof0rm-Induced Lwer Damage 
~a re  m press m th~s Journal  ) 

I HEPATIC HAEMODYNAMIGS UNDER SUt~GIC, AL CONDITIONS 

Hepatac blood flow may be measured using m&rec! 
prmcaple 25 26 These stu&es have lnmted value since 
taate between the portal venous flow and the hepatac 
no continuous recordings are possible Other authors 
hver27 2s which gives maportant mforrnataon on the 
but interferes with the normal hepatac clrculataon A 
an this study, is the use of electaomagnetac blood-flo~ 
the hepatac artery a2 and the portal veto Although t 
anaesthesm can by themselves interfere wxth the 
method may gave reliable and valuable mformatlon 
techmque and hght anaesthesia are employed 

Tins paper describes a technique utilizing electr( 
placed around the hepatic artery and the portal vel 
to mtraperitoneal structures as possible Observatlq 
gases, systemic blood pressure, and the effects of 
hepatK blood flow and the portal O2 and CO2 partial 

methods based on the Flck 
t as not possible to dafferen- 
Lrte~, blood flow, moreover, 
use m s~tu peffuslon of the 
pre,,sure/flow relationship, 
thar d posslblhty, that used 

r meters 29~ placed around 
ae surgical preparataon and 
,epatlc cxrculatlon, tbas ',last 
pro'waled a simple surgtcal 

magnetic blood-fow meters 
a with as httle mterfere,nce 
~ns on alteratmns an blood 
~me catecholammes on the 
~res,,ures are also presented 

METHOD 

Seventy mongrel dogs avelagmg 18 kg m weight 
anesthetized with an intravenous mlectlon of thaop~ 
ficlally ventilated with 100 per cent oxygen by me, 
and a Bird Mark VIII respirator Muscular paralj 
mlttent intravenous Injections of succmylchohne, 2C 

Right atrial (central venous) pressure and abdo 

~vere used Each anmaal ,was 
ntal (20 mg/kg  ) and artl- 
ms of an endotraeheal tube 
,sis yeas achieved by rater- 
mg every 30 minutes 

mlnal aort~c pressures were 
deterrnmed by means of plastic catheters advanced through the femoral vessels 
Portal venous pressure was measured with a po]yr catheter introduced 
through a gastric veto The mean systemic arteria~ pressure was obtained by 
electrical mtegratxon of the arterial pressure pul,~e Hepatac artery vascular 
resistance was calculated as the ratio of mean systemic arterial pressure m mm 
Hg to hepatic artery blood flow m flow umts per rnmute These flow umts are 
presented as cubic centimeters per minute m the various figures Howeverp, all 
ealculataons were made as lelat_we changes flora control observataons m the 
same experiment, and m no case were these compared to the flows m d~ffe!rent 
,expernments In some experiments cardmc output was measured by the same 
electromagnetic blood-flow techmque 
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Lead II of the electrocarchograph a?d a fronto-occlpltal el~ctro-encephal~ 
graphc lead were recorded along Iwlthl the other variables on a Sanborn 1150 
oscillograph 

After exposing the hepatic hllus, a 2~mm electromagnetic fl0w-metel probe 
was carefully placed around the hepatic]artery A second probe was used m the 
portal veto The lulus was exposed through an mcaslon m the left l l th  rater- 
costal space and mclslon of the left dmph~agm (Fig 1 ). 

Fxctrm~ I Surgacal techmque for locahzataon os the hepatic hdlas 

The principle and techmque of the ~lectromagnetlc method for blood-flow 
determmahons used m the present studies have been described m detail else- 
where 29-~1 In thts report, flow was expressed m relative changes from control 
observataons, the error introduced thus being small (+---5~;) 

Systematic arterial and portal veto b~!ood samples were analysed frequently 
for pH, pCO2, and pO2, using a polarograph Each ammal waslmamtamed for 
at least one hour at normal pH, pCO2, and poe Modlfieataons of the parameters 
obtained dunng th~s period were considered as the normal vanabthty , or base-hue 
of this preparahon 
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The following observataons were made m 
effects of mcreased arterml pC02 ( >48 mm 

i 

per cent O~ at 1 and 2 atmospheres of presi 
hepatm trauma as produced by compression 
( E ) haemorrhage ( 10-20 c c /kg  ), (F) cold 
transfusmn 

~arrot 
lg), 
Ul'e~ 
(re 

'80 

ps of ~ 3 to 10 dogs (A 
(B) the adrmmstratmn 
(C) metabohe aeldos1., 

tractor) of the hepatm 
2 ) and warm (27 ~ C ) 

) the 
~f 100 
, (D)  
lulus, 
blood 

The followang drugs were admanlstered mtravgnously to groups of 5 dogs 
epmephnne (1--3 /zg/kg ), norepanephrane (0 2-1 /zg/kg ), methoxamme 
(Vasoxyl) (0 1 mg/kg  ), mephentermme (Wyar~hae) (0 15 mg/kg  ), acetyl- 
choline (0 2 mg/kg  ), metaramane (Aramme)](0 1 mg/kg  ), lsoproterenol 
hycltochlonde ( 1/zg/kg ), and ephedrme sulphate (2 mg/kg  ). 

The following agents were rejected ante the po 
lustamane phosphate (0 02 mg ), acetylcholme ( 
norepmephrme (2/~g ), asopxoterenol hydrochlon, 

The effect of total sympathetm block by epldur 
an 10 ammals The hepatic hdus was infiltrated 
came m four amrnals 

rtal veto to groups of 5 dogs 
l m g  ), epinephrine (4/xg ), 
te ( l / zg  ) 
d anaesthesm was determined 
vath 5 c c of 1 per cent hdo- 

RESOLTS 

1 General Pattern of Hepatzc Blood Flow 
Although hepatac blood flow, that as, hepatac 

veto blood flow, as readaly mod6ied under vanou, 
tern emerged Portal venous blood flow is mostl) 
cxrculatory changes, maanly m central venous m 
Hepatic arterml blood flow xs, wath some hmlta! 
arterial blood pressure and responswe to the v 
as well as to blood pH, pO~, and pCO2 Drffere 
poital blood pO2 and pCO2 are mostly dependent 
m turn depends upon the systemm venous and artelt 

The blood flow m the hepatic artery ~s phasm wat 
one every 30 seconds to 3 manutes These phasac 
xrregularity of appearance and varmble volume p,~ 
2 The waves an the hepatm artery flow dasappe 
metabohc acadosls, or deep anaesthesm 

artery blood flow plus portal 
ctrcumstances, a general pat- 
passwe and follows systemm 

d systemm arterial pressures 
runs, independent of systemm 
trious pharmacologmal agents 
nees between the arterml and 
upon portal blood flow, which 
ml pressures 
h waLves of ~rregular frequency, 
changes are characten2ed by 

~r wave umt as seen m Fagure 
tr followang unskilled surgery, 

2 Effects of AZteratmn m Blood Gases 
The pO2 m the portal vean is 80--1(D mm Hg lunder ventdatmn with 100 per 

cent oxygen and 40-80 mm Hg under ventllataon Iwlth air However, great vana- 
tmn an these values was observed Hypotenslon decreased the portal p0z and 
increased the portal pCO2 an proportion to the portal blood flow reductaon 
(Table I) 

The inhalation of 100 pel cent 02 at 1 or 2 atlmospheres of pressure 1 
slgn~cant effect on the portal or hepatm artery blood flows The only slgr 
change was observed an the portal pO? This pressure ancreased from 60 ml 
room air, to 6,~ mm Hg at 2 atmospheres of pressure with 100 per ee 

Lad no 
,tficant 
n Hg, 
nt 02, 



FmunE 2 Blood flow osc, llnhons m the hepatac artery R A P = raght atrial pressu e 
H A B F  ~ hepatac artery blood flow F V P  ~ - p  rtal v n p e s s u  M A B P  ~-Mean ar tera l  
blood pressure C O --carchac out'put 

although there was some mchvadual variation The effect of the spIemc ctreula 
tlon on the portal pO~ values ~s currently under study m thts laboratory 

Carbon choxade had a slgrLtficant effect on hepatae blood flow (Table II) It 
decreased hepatac artery vascular resistance and increased its flow Portal pres 
sure and portal p0  were increased as result of a higher portal blood flow 
However the admmash-ahon of CO~ under metabohc acldosLs or rnaxLrnum 
sympathetic stmaulahon had no slgm.ficant effect on hepahc haemodynamlcs or 
decreased the hepahc artery and portal veto blood flow according to its systemic 
effect (These observattorts are presented and compared with the effect of hyper 
earbm under vartous anaesthetac condahons m work now m preparation for 
pubhcataon ) 
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T A B L E  I 

CHANGES IN PORTAL pO2 AND pCO~_ AS RELAT~.D TO PORTAL B~OOD FLOW AND ART~.RIAL O~YGEN 
T E N S I O N  

' �9 ..... I 

100% O2 
100% O, 100% O, 

An" Control After blood loss 1 at m 2 atm 

pO, pC02 pO, pCO~ p02 pC02 
(mm (mm (mm (mm (mm (mm 

P B F  Hg) Hg) P B F  Hg) Hg) P BF  Hg) Hg) 

80 P39 8 P 4 3  2 130 P 7 9  8 P 4 3  3 20 P 3 3  P 9 4  5 
A40 1 A39 8 A391 A33 2 A394 A 445 

80 P48 2 P56 5 80 P 130 P66 60 P 51 9 P48 1 
A53 A53 8 A431 A59 5 A514 A42 7 

75 P61 P48 1 90 P81 P44 8 10 P64 P55 
A68 A436 A399 A43 A436 A45 b 

50 P47 9 A53 2 50 P76 P48 20 P40 P55 
A80 4 P436 A527 A43 A453 A39 

P B F = p o r t a l  ~ e m  b l o o d  f low m flox~ u m t s  

P = p o r t a l  

A = a r t e r t a l  

PB 

95 

60 

35 

45 

p()~ pCO, pOt pCO, 
(mm (mm (mm I(mm 

F H g )  Hg)  P B F H g )  H g )  
. . . . . . . . . . . . . . .  I . . . . . . . .  

P 6 4  6 P 3 8  7 70  P 116 P 8 4  
A346 A32 4 A1 004 A69 3 

P92 1 P44 7 45 P596 1~'48 7 
A513 A37 2 Al156 ~43  3 

P 1(16 P43 3 50 P334 p51 1 
A520 A35 8 Al154 A40 

P 8 0  9 P 5 5  7 55 P 17'2 P 6 0  
A501 A44 5 Al147 A48 5 

T A B L E  I I 

% S t anda  rd  
c h a n g e  error  P < 

13 3 
11 0 

15 2 
3 4  
0 8  

11 2 
18 3 

0 4  

H a e m o r r h a g e  (15 c c / k g  ) 
H A B F  - 1 7  0 
H A V R  + 5 1 
P P  - 1 0  7 

C a r b o n  d m x l d e  (pCO2 63 8 m m  Hg) 
H A B F  + 2 8  8 
H A V R  - -20  3 
P P  + 2 0  8 

T o t a l  s y m p a t h e t m  block  (ep~dural a n a e s t h e s m )  
H A B F  - 3 5  8 
H A V R  - 9 3 
P P  - 1 4  4 

H A B F  
H A V R  

P P  

= h e p a t m  a r t e r y  blood flow 
= h e p a t m  a r t e r y  v a s c u l a r  r e smtance  
= por ta l  veto  pressure  

0 10 
0 80 

0 005 
0 005 
0 01 

0 001 
0 25 
0 001 

Metabohc acadosls (pH < 7 30 at normal pCO2) following haemorrhage, hypo- 
tensmn, or hypoxla greatly decreased the hepatm alFtery blood flow an all e~pera- 
ments m whmh they occurred pH correctmn with ~odmm bmarbonate amp~oved 
the hepatm clrculataon ( Fig 4) 

3 Effects of Haemorrhage 
During the early stages of haemorrhage (10- 

blood flow did not fall, however, 1| fell after furth~ 
or haemorrhaglc acidosis The portal pressure ar 
the begmnmg of the haemorrhage (Table I) A ]~ 
dlate[y after severe bleeding (20 c o / k g )  eorre 

15 c c / k g  ), hepatm ar 
r bleeding (20 c c /kg  ) 
d flow were depressed 
lood transfusion gwen 
~ted tlns hepatm clreul 

renal 
and/ 
from 
l l m e -  

atory 
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nnpaLrrnent Cold (8 ~ C )  blood admmrstratlon (2~ c c. m 3 mn~utes) result~ed 
m a transient reduction of blood flowl m the hepatic artery lasting ~ to 5 minutes 

4 Effects of Sympathetic Block 
Total sympathetic block decrease~, he]~atac blood flow The "l~epatac waves" 

dtsappeared (Table II and Fig 3)  i~he hepatic crrculatlon subsequently 
recovered 

FIGURE 3 Total sympathetac block abohshed/the hepatac artery blood-flow oscdlataons and 
depressed hepatic blood flow P V F = porta ! veto blood flow, other abbrevaalaons as m 
Figure 2 

5 Effects of Loca~ Trauma 
Traurnatlc compression of the hepatic b 

artery blood flow, ~ts recovery was slo~ 
local anaesthesxa in five dogs or total syl 
minor protectwe effect against this type o~ 

flus Jtn 10 animals decreased the hepatic 
Inttltrataon of the hepatic hllus with 

npathetlc block m three, annnals had a 
trauma 

6 Effects of Admm~ratum of Vasopressoll4 Drugs 
The intravenous admmastratlon of epmeplume increased hepatic arteay blood 

/tow ~n all experiments ~ Thrs was noteWorfl~y m two depresse d amma|s (low 
car&ac output and artenal hypotensJon, Fig b). However, its mtr~portal adml~m- 

*Changes m portal blood flow were inconsistent, it mostly increased 
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FictraE 4 Metabohe acidosis depressed hepatic artery blood[ flow Its eorrectxon restored the 
flow (Abbrevmtmns as m Figure 2 ) 

stratlon produced vasoconstriction of the hepatic ,,l~rtery and the portal veto 
(F~g 6) 

Similar but less marked results were obtained ~vlth norepmephrme when 
admml,,tered systematically ol through the portal veto, 

Table III summarizes the results obtained after 
admmlstratmn of various phaamacologlea] agents Th, 
consistently Intraportal rejections of hastamme or 
hepatac artery blood flow with no slgmficant effe 
increased the systemic blood plessure but decrease 
flow Mephentermme increased the hepatic arterml 
flow Metarammol increased hepatac artery blood t 
flow [soproterenol decreased the resistance m both 
portal veto, while opposite results were obtained w 

ntravenous and mtrapoiRal 
changes noted were fotLnd 

,eetyleholme increased the 
,t elsewhere Methoxamme 
dl the hepatic artery bkpod 

and portal venous bk~od 
low and portal veto bk~d 
the hepatic artery and the 
lth ephedrine 

DIscussioN 

The arterial blood supply of the hver Is capable oFF compensatory adjustments 
and has some degree of independence of arterial blood pressure It is responslive 
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F1cvrtz 5 The systerme admarnstra~ton of epmephnne, especmlly m 
depressed amrnals, maploved the hep~dae circulation P V B F ~,or- 
tal veto blood flow, other abbrevaataons as m Figure  2 
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l~mUaE 6 Intraportal epmephnne produced constriction I of the portal veto and the [hepatic 
artery, there was a postinlectlon vasodllatation m the latter vessel Abbrevlataons as m Figures 
I a n d 2  

to changes m blood pH and pC02 
passwely dependent upon systemm arterial blood pressure and central 
pressure The &fference between these two vessels is evident during mlh 

I 
morrhage, m whach case the arterial flow as s~stamed and the porta: 
decreased Preservation of the arterial blood BoW of the hver, dunng sy, 
deplessmn (lower cardiac output and/or arterial hypotenslon) as might 

On the other hand, portal blood flow is 
enous 
1 hae- 
�9 flow 
, temlc 
occu r  
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TABLE[ tII 
DIRECTIONAL CHANGES INI THE [ HEPATIC CIRCULATION AS 
PRODUCED BY VARIOUS PHARMA~2OLOGIC AGENTS AND META- 

BOLI~ ACIDOSIS 
~, , , ,  . . . . . . . .  

IV I P  

T 
Met~ (Vas~ I i t Mephentermme (Wyamm~) I 
Metarammol (Aramme) 
Isoproterenol (Isu rel ~ _ 
Ephedrine P ) I 

i / 
H A B F -- hepatm artery bllood flow 
H A V R hepatm artery v,~scular resmtance 
P V B F portal veto !bloocl[ flow 

I = Increase 
decrease 

IV = lntravenou~ inJeCtion 
I P  mtraportal jmjec~ton 

mconslsten~: resullts 

IV I P  I I' V P 

Epmephrme t 
Norepmephnne t 
Hmtarnme 
Acetylchohne ~ 1" 
Metabohc acldosm 

-f 

dunng or mamedmtely after surgery~ is J 
damage since during systemic arterml h 
the portal veto as decreased whde the pCi 
tm 02 consumptaon becomes more depem 

Systemic admamstratmn of catecholam] 
improves the hepatic clrculataon Tlus cq 
hepatm artery to haemorrhage and also 
observations have been reported prewous 
duce local vasoconstnelaon of the hepata, 

An mtrmsm control of the hepatic c~rc~ 
taon produced by trauma, this reachon h 
be obtamed by local sympathetm nervou~ 
txon for the "outflow block," or great 
reported during the first 45 mmutes of 

The effect of carbon daoxade is baslcal 
study m man 37 and dog, m whmh CO2 
flow accordmg to the depth of anaesthc 
the systemic arterml pressure changes 

The hepatm artery blood-flow oscdlaho~ 
by a vaso-actwe agent, released m the 
s and maportance of ths  oscdl~ 
reports describe oscdlatlons but of d~ff4 
were not made m a contmuous manner 

These observatmns confirm the presr 
hepatae oxygen supply can be modtfied d 
of the anaesthehc agent or the depth of m 

mportant m the prevenlxon of hepatac 
r the oxygen s apply through 
:)2 of this veto is mcreasr Thus, hepa- 
lent on the hepatxe arterr blood flow 
nes ( epmephrme and n 9repmephrme) 
mid explain the early response of the 
to carbon choxade mhltlataon, strnilax 

ly s8-,5 However, these tr162 agents pro- 
vessels when given mlraportally 

latlon as suggested by t [e  vasoconstnc- 
as been reported before "'~ and can qlso 
starnulatton 27 This may be an explana- 

acrease m hepatic vasclllar resastanee, 
]tver peffusmn expermaertts 
l r smallar to that obtameqt m a prewous 

sttrnulated or depressed hepatic blood 
~sm and kmd of anaest[ ehc agent and 

as ("hepatm waves") could be produced 
mesentenc or splemc cltrculataon The 
tlon as unknown at Present Prevl0us 
,~rent nature since flow determmatl0ns 
88 

nce of several mecharflsms by which 
urmg a surgacal operation , independent 
aesthesm 
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S V M M a ~  

A techmque for hepatac blood-flow determinations 
artery blood flow was found to have some degree of 
blood pressure, whde the portal flow followeff sys 
Trauma to the laver, metabohc ac:dos~s, or total sy 
hepahe artery blood flow Carbon d:oxlde, epmepln 
creased the hepatic artery blood flow, however, this 
systemic c~rculatory changes Several factors dec:ease 

~s described The hepatic 
adepe~ndence of the arterial 
temxc c~rculatory changes 
npathetic block depressed 
'me, or norepmephrme in- 
effect was related to their 
d portal oxygen saturatmn 

L'auteur d6cnt une technique de d6termmahon des d6b~tts sangums h6pat~ques 
Tand:s que le d6b:t de rart~re h6pahque sembla~t 6/Ire md6pendant de la pres- 
saon art6nelle, celm de la veme porte smvalt lies vanatmns ctrculatotres 
sy'st6m:ques 

Les t~ aumatasmes au re:e, l'ac~dose m6tabohque, le ]~locage complet du syst~me 
sy~mpath:que dnnmua:ent le d6b:t de l'art~re h6pahque Le b~oxyde de earb6ne 
en l'absence d'acadose m6tabohque, l'6pm6phrlne, 
ta:ent le d6b:t de l'art~re h6pat:que, cependant fl fa 

leurs changements c:rculatotres syst6mlques Pa~ 
dnnmuant la saturation en oxygbne du sang porte; la 
dans ta veme porte 6taat le plus ~mportant 

a nor6pm6phrme augrnen- 
tt ral~acher ce dermer effet 
m: ]es nombreux facteurs 
hmmutmn du d~blt sangum 
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